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It is well known from M organ's work that unfertilized eggs of
Arbacia may be induced to develop through exposure to hypertonic sea-water. Morgan, however, did not investigate the action of hypertonic sea-water on the unfertilized egg much beyond its effect in producing cleavage. Loeb extended these results o f M orga n :
he was able by the use of hypertonic sea-water to produce plutei from the unfertilized eggs of Arbacia. T w o outstanding features o f Loeb's work strike the reader: first, he was not able with the use of hypertonic sea-water to call forth " membrane formation " ; nor was he able to obtain plutei of great viability, since these failed to swim at the surface as do plutei from normally fertilized eggs.
W ith his now classic method o f exposing urchins' eggs to butyric acid in sea-water before or after exposure to hypertonic sea water, Loeb was able to correct both these defects. On the basis of these findings Loeb founded his famous lysin theory o f fertili zation. He reasoned that butyric acid, as all haemolytic agents, brings about a " superficial cytolysis " of the egg and thus the formation of the " fertilization membrane." This " superficial cytolysis," however, tends to be lethal and hence the egg must have a corrective treatment to offset the initiation o f death changes.
The hypertonic sea-water acts as this corrective factor. A ccord ing to Loeb, it is o f no moment whether he uses the corrective agent first and follows with the cytolytic agent or vice versa. In other words, the " uncorrected " egg may be first corrected, then superficially cytolyzed; or the egg may be first superficially cvtolyzed and saved from death by the corrective factor. In any event, it is clear not only from Loeb's work, but that o f others, 1 Zoological Laboratory, Howard University.
that this double treatment of the eggs of sea-urchins produces top swimming larvae.
Loeb's work with agents of superficial cytolysis and the cor rective factor led him to solve the fertilization problem in this w ise: The sperm carries a lysin which initiates a superficial cytolysis of the egg; thus the first effect o f the sperm is com parable to the action of butyric acid. But the sperm, reasons Loeb, also carries a corrective factor which checks the action of the lysin that otherwise would kill the egg. This reasoning is aided by the fact that in many ova the internal changes of ferti lization leading to cell division are preceded by demonstrable corti cal changes. / I have attempted to point out that this theory o f Loeb fails to explain fertilization, and this for several reasons. W aiving not only the fact that Loeb has produced cell division and swimming plutei from uninseminated urchin eggs with the use o f hypertonic sea-water before or after the treatment with butyric acid, whereas in the fertilization o f these eggs the cortical changes always pre cede the internal-cell division-phenomena, but waiving also the fact that hypertonic sea-water alone will give cleavage and plutei, we must discard the superficial cytolysis-corrective factor theory o f fertilization for two reasons First, this theory emphasizes too much purely hypothetical substances in the sperm for which we have not a single bit o f evidence; and, secondly, it wholly ignores the fact that the egg is a highly irritable system, thus in no wise different from other living substance; that there are naturally parthenogenetic eggs would indicate this. \ M oreover, the high degree of susceptibility to shaking of such eggs as those of Asterias, Amphitrite, Nereis, and the effect o f sea-water in starting up maturation in eggs o f Podarke, Chcetopterus, etc., show how labile are some uninseminated marine ova. This work on the experimental production of cell division and larvae is o f importance in showing that ova are independent, activable systems; they are inherently irritable-not a difficult physiological conception. But as a means o f elucidating the problem of fertilization, this work on " artificial parthenogenesis," so called, has failed ; it has actually obscured the fertilization problem. Solutions between these two strengths call forth membranes at rates proportional to the degree of hypertonicity. The rate at which eggs lift membranes while in the solutions depends thus upon the strength of the solution.
I N I T I A T I O N OF D E V E L O P M E N T IN EGG OF
The solution 18 parts 2^> M NaCl or K C 1 plus 82 parts sea water gives about 3 per cent, membranes. It is thus the minimum concentration for the production of membranes. Hypertonic sea water below this concentration does not yield membranes.
On the whole, the optimum concentration is that which gives the highest per cent, o f membranes and which likewise allows an exposure longer than that to produce membranes without any deleterious effect on the eggs as revealed by their subsequent fate
on restoral to normal sea-water. Such an optimum lies around 22 parts 2^4 M NaCl or K C 1 plus 78 parts sea-water. The solu tions 20, 22, and 24 parts 2^/2 M NaCl or K C 1 plus 80, 78, and 76 parts sea-water, respectively, were the ones used most extensively.
In general, portions of eggs from one female were exposed to each of these concentrations to cover any variation o f the eggs with respect to their response to treatment with hypertonic sea-water, since these concentrations are around the optimum. The follow ing table summarizes results of a part of the forty experiments on this point. It is scarcely necessary to say that in all this work extreme precautions were taken against accidental insemination.
In none of the experiments did the control, uninseminated eggs in sea-water, show a single membrane.
T a b l e I. I f the intensity of the membrane separation process be too great, the membrane formed is eccentric; the perivitelline space is not of the same width in all zones of the egg. In such cases the egg, as seen in optical section, is flattened in that zone above which the membrane is at its greatest distance from the egg. On return o f the egg to normal sea-water this eccentricity o f the membrane persists. The cortex of that zone, in these cases, from which the membrane has separated least, is apt to be swollen. This seems to indicate that the reaction underlying membrane must be o f a certain order to insure best results.
The membrane does not always arise in the manner described.
In some cases the egg presents a crenated surface beneath the membrane. This crenation may quickly disappear, leaving the egg cortex below the membrane perfectly smooth. I f the crenation persist, on return to normal sea-water the perivitelline space is very n arrow ; indeed, it may be absent, in which case the membrane is closely stuck to the swollen cortex.
Finally, in some cases the membrane may be extremely thin, though otherwise the egg and perivitelline space are about as found in the normally fertilized egg.
These observations on the effect of hypertonic sea-water in bringing about membrane separation, fortunately, do not stand alone. I find that Loeb almost twenty years ago made a similar observation on the egg of Strongylocentrotus. Using concentrated solutions (2 J / 2 and i y 2 n NaCl and 2 T / 2 n and 2 n cane sugar), Loeb1 found that the unfertilized eggs of S. purpuratus form mem branes in the same way as in fertilization. The details o f his description differ very little from those I have given above for the egg of Arbacia.
Moore, working with Arbacia, was able by the use o f hypertonic sea-water alone (16 c.c. 2^2 M NaCl plus 50 c.c. sea-water) to obtain " quite a considerable number of membranes." According to M oore, however, these membranes are not like the fertilization membranes produced in normal fertilization.
In those lots of eggs that show a high per cent, o f immature eggs, some mature eggs may fail to show membrane separation in any concentration o f hypertonic sea-water. Stale eggs often fail to respond to hypertonic solution with membrane separation.
Blood inhibits membrane separation and enhances the cortical changes that give the thick swollen cortex. Eggs that fail to form membranes in the hypertonic sea-water are invariably from lots that yield a low per cent, o f membranes following normal insemi nation. W e may consider these points in detail.
On June 29, July 8, July 18, for example, uninseminated eggs were mixed with blood. In each experiment the eggs were divided into three lots-A , B, and C. A was untreated (con trol), B in seminated, and C exposed to hypertonic sea-water. Not a single egg in any of the lots B formed membranes. The lots (C ) treated with hypertonic sea-water (20, 22, and 24 parts 2j4 M NaCl plus 80, 78, and 76 parts sea-water, respectively) gave a low per cent, of very poor membranes; instead, in the majority the egg cortex became badly swollen. Nothing was more clearly brought out in the work than this sharp inhibition by blood both in fertilization and in experimental parthenogenesis. The experiments here cited, a fraction o f the total, show that the best cleavage and plutei, both as to quality and per cent., are invariably found in those eggs that produce the best membranes.
I N I T I A T IO N OF D E V E L O P M E N T IN EGG OF
A t times the results are perfectly wonderful. Thus on August 9
eggs exposed the day before to K C 1 hypertonic sea-water gave gastrulse (and later plutei) that were scarcely to be distinguished from those arising from normally fertilized eggs. The seven dishes were simply alive with surface-swimming forms. These But the main point in these experiments, it seems to me, is not the inferiority or the superiority of this method of a single ex posure to hypertonic to the butyric acid-hypertonic sea-water method. I f the experiments here reported simply revealed that the single hypertonic sea-water treatment only calls forth mem brane lifting, they would be, it seems to me, worthy o f report.
And for this reason: I f hypertonic sea-water be capable o f induc ing membrane separation, then we must discard the superficial cytolysis-corrective factor hypothesis for experimental partheno genesis, as we have already discarded this hypothesis as explaining fertilization. I propose, therefore, to discuss these results, since they involve to a far-reaching degree current conceptions o f the mechanism of experimental parthenogenesis. T o be sure, it may well be that the membranes induced by these agents are not at all comparable to those induced by sperm. Nor, indeed, does it follow that membranes induced by hypertonic sea water are like those induced by sperm. The main point, however, is something more than this. Hypertonic sea-water, which cer tainly is not of lower surface tension than normal sea-water, does call forth membranes while the eggs are in the solution. I f we must adhere to the surface tension hypothesis, then we must con clude that the effect o f hypertonic sea-water is an exception-as is the effect of the sperm in calling forth membrane separation by a cortical breakdown which follows in a wave beginning at the entrance point o f the sperm.
2.
Again, the experiments here reported are at variance with the notion that the separation of the membrane is due to a super ficial cytolysis.
A s I understand it, the term cytolysis connotes a cellular dis integration. One certainly can not use the term in its strict etymological sense particularly since that misnomer " superficial cytolysis " has now become widely current. Unfortunately many zoologists use the terms cytolysis and plasmolysis interchangeably.
I f we define cytolysis as a breaking up of the cell within the mem brane or actual liberation of the cell contents, we may define plasmolysis as a shrinkage o f the cell contents. Now, certainly hypertonic sea-water as employed in these experiments never caused any liberation o f the cell contents. W e can not, therefore, regard the action of hypertonic sea-water as cytolytic.
There is another way of reaching a conclusion in this matter.
Prolonged exposure to butyric acid in sea-water will cause the uninseminated egg of Arbacia on return to normal sea-water to form a fine gelatinous film instead of a membrane. Such eggs, as Loeb noted, soon cytolyze. W e may accept this specific in stance as a definition. Now, such eggs go to pieces by droplet form ation; thus they disintegrate. Or, if eggs with membranes induced by exposure to butyric acid are allowed to lie in normal sea-water, they eventually disintegrate by the formation o f globules in the cortex. The disintegration eventually involves the whol$ egg.'
In hypotonic sea-water both Arbacia and Echinarachnius eggs take up water, lose pigment, and assume a granular appearance.
The contents then slowly disappear as if washed away. Rarely do the contents of the eggs burst through the membrane before total disintegration. Now, the effect o f hypertonic sea-water on these eggs is unlike that of butyric acid or hypotonic sea-water. Rather the effect o f hypertonic sea-water is plasmolytic. In it the egg shrinks, be comes darker. On return to normal sea-water such an egg, if it fail to develop, remains intact for hours.
Unless, therefore, we change the meaning o f the term cytolysis, the hypertonic sea-water employed in these experiments is not cytolytic. Instead of disintegrating, the eggs on return to normal sea-water cleave, gastrulate, and reach the pluteus stage.
3. I f we admit that hypertonic sea-water does not call forth membranes by superficial cytolysis, then we must conclude that the hypothesis of a superficial cytolysis as part of the mechanism o f experimental parthenogenesis is as unnecessary for a theory o f experimental parthenogenesis as it is superficial and inadequate for a theory of fertilization. This must follow for several reasons. In order to save the theory, it would be necessary to assume that the hypertonic sea-water of the strength used by the writer to induce membranes has two effects.1 First, it acts as butyric acid by superficially cytolyzing the egg; and, second, it acts as a cor rective factor to correct its first effect. This interpretation in turn entails assumptions which together make it worthy o f no serious consideration.
If, for example, we insist that the first effect o f hypertonic sea water is cytolytic, then we must change the connotation of the In any field the pioneer work is usually qualitative. The work is none the less important therefor. And yet one can not but feel that it is a pity that Loeb did not make exact observations with various concentrations of salt-particularly so since the method involved is such a simple quantitative one.
If, now, we reject the superficial cytolysis-corrective factor hy pothesis as an explanation o f experimental parthenogenesis, what explanation do we offer? W hile it seems to me, in the present state of our knowledge of this subject, far more profitable to collect data than to theorize, it is nevertheless true that the data presented above permit at least a provisional hypothesis. Cer tainly, we may draw conclusions from the work if these be con sistent with the data. The sperm aster, on the other hand, never forms until the sperm is in the endoplasm into which germinal vesicle sap has diffused.
The sperm aster arises similarly in the eggs o f CJicetopterus and o f Allolobophora. W here, as in the eggs o f Arbacia and o f EchinaracJulius, the fertilization-reaction normally takes place in the mature egg, the germinal vesicle material by diffusion has previously reached the ectoplasm; the sperm aster forms, there fore, shortly after the sperm passes the cortex.
I In experimental parthenogenesis as in fertilization cell division depends upon the localization of aster-forming substance around
